The pattern size control of polymethylmethacrylate (PMMA) and polystyrene (PS) patterns fabricated by the thermal nanoimprint process is carried out by the conventional UV/O 3 treatment under atmospheric and low pressures. The pattern height decreases faster than the pattern width. The line width control by the UV/O 3 treatment should be carried out carefully. The stretched resist layer is often observed along the cutting surface when a substrate with resist patterns is cut. The formation of the stretched layer can be effectively suppressed by the short UV/O 3 treatment.
Experiments 1. Introduction
Nanoimprint lithography (NIL) is very powerful technology for nanofabrication because very fine pattern can be obtained by relatively low cost machine [1] . However, the fabrication cost of the mold is usually expensive. It is inconvenient that the new mold have to be newly fabricated even when the desired pattern size is slightly changed. The pattern size trimming is an attractive method to obtain the desired pattern width. Resist pattern, of which size is larger than the desired pattern, is fabricated, and the pattern size is reduced by using the isotropic etching, such as the O 2 based plasma etching [2] . The final pattern size can be controlled by the etching conditions. PMMA and PS films are fabricated by spin-coating on a Si wafer. PMMA of Mw=350 kg/mol and PS of Mw=350 kg/mol are used in our experiments. The thickness of the polymer film is 2~4μm. The polymer film is patterned by T-NIL. Si wafer with line and space pattern (LS pattern) is used as a mold. The half pitch of the LS pattern is either 2μm (micron pattern) or 0.2 μm (submicron pattern). The aspect ratios of these molds are about unity. The imprint temperature and pressure are 190 °C and 10 MPa, respectively. After the imprint, residual resist layer always remains under the fabricated pattern bottom. No removal process for the residual resist is carried out. The sample is put into a commercial UV/O 3 cleaner (Sen lights corporation, PL16-110). The cleaner has a low pressure mercury lamp of 110 W.
UV/O 3 treatment is widely used in order to remove organic contaminations [3] . In this process, the sample is exposed to the UV light from a low pressure mercury lamp. Ozone is produced from the decomposition of O 2 molecules by the UV light of 185 nm, and ozone is decomposed by the UV light of 254 nm. O atoms are produced during these decompositions and strongly removed organic materials. The process is very easy and effective.
In this report, both the polymethylmethacrylate (PMMA) and polystyrene (PS) patterns are fabricated by a thermal nanoimprint process (T-NIL), and the pattern size change is examined by UV/O 3 treatment. 
Reduction of thickness ΔD(nm)
S film is about 1/6 of that for the PMMA
In some experiments, the sample is directly put into the cleaner, and is exposed to the UV light in the atmospheric pressure as shown in Fig. 1 (a) ("AP mode"). In other experiment, the sample is placed in the small vacuum container. The container is put into the cleaner, and the container is evacuated to about 15 kPa. The UV light is exposed to the sample through a quartz window as shown in Fig 
Results

Thickness reduction for flat resist film
For the resists film without LS patterns (flat resist), the thicknesses are measured before and after the UV/O 3 treatment. The thickness reduction of the resist film, ΔD, is obtained for the flat resist. Figure 2 shows the dependence of ΔD on the UV/O 3 treatment time for both the AP and LP modes for the PMMA film. The etch rates for the flat film are given by the gradient of the curves. It is clear that the rate of ΔD gradually decreases as the treatment time increases. The values of ΔD for the AP and LP modes are similar when the treatment time is shorter than 30 min. For the longer treatment time, ΔD for the AP mode becomes larger than that for the LP mode. The value of ΔD for the AP mode is about twice as large as that for the LP mode. Figure 3 shows the dependence of ΔD on the UV/O 3 treatment tim fo
The shapes of ΔD curve are similar to those in Fig. 2 . However, the absolute value of ΔD for t P
Pattern width change
The resist pattern width is also measured before and after the UV/O 3 treatment. The pattern width change, ΔW, is measured for the micron size PS pattern. Since both side walls of the line pattern are removed, ΔW/2 shows the resist remove for the side wall. Figure 4 shows the dependence of ΔW/2 on the UV/O 3 treatment time for the LP mode. In the figure, the result for ΔD is also shown. It is clear that the value of ΔW/2 is always smaller than that of ΔD. The line height reduction is clearly larger than the line width reduction. Since the residual resist remains under the resist pattern, it is considered that both the line top and bottom are removed by the same rate, and the line height is unchanged. However, the line height reduction is larger than the line width one. It means that the removal rate of the line top is faster than that of the side wall. The pattern top has convex corner. The etch rate at the convex corner is larger than the flat surface, because O atoms from both the top and the lateral directions can enter the convex corner. Then, the etch rate of the pattern top is relativ ely large, and e pattern top becomes rounding. ensity toms must be effectively removed the cured layer.
th
Discussions 1 Flat film
The removal rate of the PMMA film is larger than that of the PS film. The PMMA film is decomposed only by the UV light of 185 nm [4] . This shows that the PMMA film i m Stretched layer
The removal rate of the PMMA and PS films for the AP mode is about twice as large as large as those for LP mode. The pressure for the AP mode is about 6 times as large as that for the LP mode. It is considered that the generation of O atoms is proportional to the pressure, because the number density of O 2 molecules is proportional to the pressure. The loss of O atoms during the transport to the sample must be small for the LP mode. It is the future work that the O atom d at the sample surface should be estimated.
The removal rate decreases as the UV/O 3 treatment time increases. It is well known that the photo resist is cured by the UV light irradiation [5] . It is considered that the PS and PMMA films must be cured for the long time UV exposure and their removal rates decrease. The removal rate decrease for the LP mode is more significant than that for the AP mode. The O density for the AP mode is larger than that for the LP mode and O a 2 Imprinted pattern The reduction rate of the side wall is smaller than that of the line top. The same result can be obtained for the AP mode. This result induces the serious problem for the line width control, because the resist pattern disappears during the UV/O 3 treatment. Since the aspect ratio of the fabricated pattern is not high and the pattern size is very all, line top, side wall and bottom. The UV light intensity at the line top may be larger than that at the side wall and the line bottom because of the shading effect. In the present time, the reason of the small etch rate at the side wall is unclear. .It is the future work to clarify the mechanism of the sm the PS pattern, the stretched layer can be all etch rate at the side wall. A substrate with resist pattern is often cut across the pattern in order to observe the cross section of the fabricated resist pattern by SEM. The stretched layer is often observed as shown in Fig. 6(a) . This figure shows the micron size PMMA pattern. SEM observation is sometimes disturbed by the stretching layer. For example, the pattern bottom and/or the boundary between the resist layer and the substrate are covered by the stretching layer. The formation of the stretching layer can be suppressed by the short time UV exposure. Figure 6(b) shows the resist pattern after the UV/O 3 treatment by the LP mode for 5 min to the same sample for Fig. 6(a) . No stretching layer is observed and the pattern shape is unchanged. It is considered that the PMMA pattern becomes somewhat fragile by the short time UV exposure. Note that mechanical properties of the resist film are affected by the short UV/O 3 treatment. For eliminated by the UV/O 3 treatment of the LP mode for 10 min.
Conclusions
The PMMA and PS pattern shapes fabricated by T-NIL can be changed by the conventional UV/O 3 treatment. However, the reduction rate at the pattern height is larger than that at the side wall. Since the pattern height decreases rapidly, the line width control by the UV/O 3 treatment should be used carefully. .
The stretched layer is often observed at the cutting surface of the resist pattern. The formation of the stretched layer can be effectively suppressed by the short UV/O 3 treatment.
